Up to now, the various non-volatile memory devices such as, ferroelectric random access memory (FeRAM), magnetron random access memory (MRAM), and resistance random access memory (RRAM) were widely discussed and investigated. For these nonvolatile memory devices, the resistance random access memory (RRAM) devices will play an important role because of its non-destructive readout, low operation voltage, high operation speed, long retention time, and simple structure. The resistance random access memory (RRAM) devices were only consisting of one resistor and one corresponding transistor.
Introduction
Recently, various electronic devices and systems on panel (SOP) technology were widely developed and investigated. For the concept of SOP, the switch characteristics of the typical amorphous silicon (α-Si) and poly-crystal silicon (poly-Si) thin-film transistors (TFT) structures were widely discussed for the applications of transparent active matrix LCD (AM-LCD) display. Besides, the various electron devices such as memory device, control device and central process unit (CPU) integrated on the transparent conductive thin film will be important trend in the future.
Additionally, many nonvolatile memories devices such as, the ferroelectric random access memory (FeRAM), magnetic random access memory (MRAM), and phrase change memory (PCM) already were discussed for applications in the smart memory cards, electronic devises, and portable electrical devices. However, the excellent advantages of non-volatile RRAM devices using the metal doped into silicon-based oxide thin films were great compatibility in integrated circuit (IC) processes, high operation speed, long retention time, low operation voltage, non-destructive readout, and very simple metal-insulator-metal-metal (MIM) structure.
To discuss the bipolar switching properties of manganese oxide thin films dominated by interface of the electrode and manganese oxide film, the Al/MnO/ITO RRAM device was fabricated in virtue of inertia of ITO electrode as top electrode. In addition, the electrical mechanism analyzed was investigated to explain the ITO top electrode influence on manganese oxide thin films for set/reset resistive switching properties.
Experimental
Metal-insulator-metal (MIM) device, schematically shown in Fig. 1 , was fabricated over a polished p-Si wafer of nominal resistively ~1.0 Ω cm. To overcome the existence of native-oxide on p-type silicon wafer, the particle and metal ion on p-type silicon wafer were removed during RCA clean process. In our work, the ITO/glass was used as substrates to prepared manganese oxide thin films of metal-insulator-metal (MIM) capacitor structure. The ceramic target was placed near 5~8cm away from the substrate. In order to remove the defects of metal target and obtain stable plasma during deposition time, pre-sputtering time of as-deposited manganese oxide was maintained for 30 minutes under argon ambient. In order to completely form the MIM structure, the top electrode of Al was deposited by thermal evaporation with 1mm diameter shadow mask and its area was confirmed by optical microscopy. The crystal structure, surface morphology and thickness of manganese oxide thin films were characterized by scanning electron microscopy (SEM). The current versus applied voltage bias (I-V) characteristics of the manganese oxide thin films was measured by a Hewlett-Packard (HP 4156) semiconductor parameter analyzer. 
Results and discussion
The XRD pattern was used to identify the crystalline structures of as-deposited manganese oxide thin films with various depositing parameters. The optimal deposition parameters of as-deposited manganese oxide thin films were observed. They were rf power of 100 W, chamber pressure of 10 mtorr and oxygen concentrations of 20%. The crystalline orientations of (110) planes were apparently observed in the films. It was found that all of the films consisted of a single phase of the preferred (110) orientation. For the polycrystalline manganese oxide thin films, the (110) peaks were the strongest peaks. In addition, the (110) preferred phases of XRD patterns for as-deposited thin films on ITO substrates as a function of oxygen concentration. The intensity of the (110) peak of the thin films increases linearly as the oxygen concentration increases from 0 to 20%. The intensity of the (110) peak of the as-deposited thin films decreases at oxygen concentrations from 40 to 60%. We consider that the polycrystalline structure of the as-deposited thin film was optimal at 20% oxygen concentration.
The current-voltage (J-E) curve shows that the a negative voltage applied, the device switches from initial high resistance state to low resistance and the conducting current form low to high state. The H-state was the high conducting state, and the L-state was the low conducting state. The positive voltage applied reverts back to high resistance state, and leads to low conducting current. The sweeping voltage leads to a counterclockwise loop in current-voltage curve as shown in fig. 2 . Figure  2 shows that the single polar bistable resistance switching of manganese oxide thin films on ITO substrate. The HRS status was about 10 -6 A/cm 2 , and the LRS was about 10 -2 A/cm 2 . The on/off ration for RRAM devices was about 4. From the experiment results, we found that the manganese oxide thin films on ITO exhibited the bipolar resistance switching characteristics. However, the manganese oxide thin films on Pt substrate exhibited the bistable resistance switching. Fig. 3 .The leakage current density versus electrical field (lnJ-lnV) curves of as-deposited manganese thin film for reset state. Fig.4 . The leakage current density versus electrical field (lnJ-lnV) curves of as-deposited manganese thin film for set state.
Additionally, we discussed that the current versus applied voltage curves characteristics of manganese oxide thin films in terms of current density on the vertical axis and applied voltage on the horizontal axis. From the J-E characteristics in terms of lnJ on the vertical axis and lnE on the
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High-Performance Ceramics VIII horizontal axis, the fitting curves were straight in this figure and the J-E curves of thin films thus follow the F-N tunneling model. The retention characteristics of the resistance random access memory devices were measured to definite the activation of a non-volatile memory for the HRS and LRS states. No significant changes in the resistance values for 10 5 second were observed. We suggested the resistance random access memory to maintain sufficient margin of memory devices for more than 10 years from the extrapolation calculation. In addition, the switching cycling was measured another type of reliability and retention characteristics. Although there was a slight flucation of resistance in the HRS and LRS states, and the stable switching property was observed during 100 cycles. We suggested that the results show remarkable reliability performance of the resistance random access memory devices for nonvolatile memory applications.
Conclusion
For ITO top electrode, the inverted set/reset bipolar resistance switching properties of the manganese thin film RRAM devices were investigated and discussed in this study. In the low resistive state (LRS), the manganese thin film exhibited the ohmic conduction for low electrical field. The ohmic conduction in low electrical field effect was caused by the manganese atom clustered in metallic filament of the manganese oxide thin film. In addition, the transmission electron captured by the lots of oxygen vacancy in ITO top electrode to make the current conduction dominated by ohmic conduction for LRS state. Besides, the low set voltage, low operation current, and small current compliance of the manganese oxide thin film RRAM device was also found.
